Abstract: This paper analyses how logistics performance affects international trade volume and compares the different effects between developing and developed countries by employing a gravity model with panel data from 43 countries in 2010, 2012 and 2014. The findings show that an improvement of logistics performance index (LPI) has more impact on export volume than on import volume. And it has a more powerful influence on developed countries' trade volumes than on developing countries' trade volumes. To improve the competitiveness of developing countries' exports in a global economy, developing countries should first and foremost prioritise improvement in procedural sectors like the customs process, tracking, and infrastructure.
Introduction
As the world is becoming more globalised, the competition among countries is becoming more severe. Many companies and countries are focusing on reducing the cost of transportation of goods to improve their competitiveness in the world market. According to the OECD's (2005) research, logistic cost is known to be 2%~15% of total cost in business activities. Therefore, highly qualified logistics are becoming just as important as national competitive advantage as a part of the value chain in the whole process of business.
To promote trade facilitation, the WTO (2016) proposed a trade facilitation agreement that aims to standardise, clarify and accelerate customs formalities in the world in order to accelerate flow of good traffic, release, and customs clearance. This will significantly reduce transportation costs. In many countries, outdated and inconsistent customs clearing process impede trade by imposing huge burdens of cost in terms of time, especially for developing countries and least developed countries.
In addition to understanding the effect of logistics on trade volume, many empirical research studies were also analysed. As Nordås and Piermartini (2004) suggest, the quality of infrastructure is an important determinant of trade performance and port efficiency appears to have the largest impact on trade among all indicators of infrastructure. Marti et al. (2014a) estimate that improving logistics performance index (LPI) components can cause significant growth in a country's trade flows in many countries. In contrast, a deterioration of infrastructure raises transport costs by 12 percentage points and reduces trade volumes by 28% according to Limao and Venables (2001) . Faria et al. (2015) emphasis that LPI is also relevant to governments because they need to address their new public policies including obstacles like bureaucratic issues which have hindered international trade. Therefore, the importance of efficient logistics is playing a vital role in international trade and is widely acknowledged.
In this context, the majority of studies have focused on quality of physical infrastructure services like ports, roads, public transportation, a government's procedural red tape, institutional constraints, and customs clearing procedures. They suggest that improving the infrastructure of transportation is important to increase exporting volume. Although there are many research papers studying the impact of logistics on trade volume, there are few analyses comparing the different effects of logistical performance on trade volume between exporting and importing, both between developing and developed countries.
The purpose of this paper is to analyse how the LPI facilitates trade volume in terms of exporting and importing, and to compare the different outcomes of LPI on trade volume between developing and developed countries by using panel data for the period 2010, 2012, and 2014 . Using the empirical results, we suggest some constructive implications for developed and developing countries respectively.
The article is organised as follows. Section 2 presents trends of logistics of performance and economics. Section 3 performs a review of the literature which identifies a series of indicators. Section 4 describes the research methodology, followed by a discussion of the results. Section 5 presents the conclusions of this research.
Literature review

Logistics performance and international trade
Many studies have employed the gravity model approach to analyse what factors influence international trade volume. Gravity models' overall results say that gross domestic product (GDP) has a positive correlation with trade volume, and distance has a negative one. This paper has highlighted the effect of logistics performance on trade flows by using the LPI and the six components of the LPI (Hummels, 2001; Wilson et al., 2003 Wilson et al., , 2005 Soloaga et al., 2006; Iwanow and Kirkpatrick, 2009; Korinek and Sourdin, 2011; Ismail and Mahyideen, 2015) . Hummels (2001) found the importance of time as a trade barrier, estimated the magnitude of time costs, and related these to patterns of trade and the international organisation of production. Estimates indicate that if the shipping time between two countries decreases by one day, then the probability of trade will be increased by 1% for all goods and by 1.5% for manufactured goods. Wilson et al. (2003) analysed the relationship between trade facilitation, trade flows, and per capita GDP in the Asia-Pacific region. They used country-specific data (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) for port efficiency, customs environment, regulatory environment, and e-business usage. They found that enhanced port efficiency has a large and positive effect on trade. They suggested that improvements in customs and greater e-business use significantly expands trade, but to a lesser degree than the effect of ports or regulations. In 2005, they estimated the relationship between trade facilitation and trade flows with a gravity model for 75 countries, and they defined and measured four categories of trade facilitation (port efficiency, customs environment, regulatory environments, and e-business infrastructure). The four indicators are more statistically significant for exports than imports (Wilson et al., 2005) . Soloaga et al. (2006) adopt similar indicators (port efficiency, customs environment, own regulatory environment, and service sector infrastructure) to analyse their statistical significance. Although, they used the same indexes, their result is different. Customs environment has a positive impact on exporters but has a negative impact on the side of importers. Regulatory environment turns into a negative impact. Bensassi et al. (2015) found that the LPI of importing countries and land infrastructure have a positive relationship with exports. The number, size, and quantity of logistics facilities positively influence export flows. Korinek and Sourdin (2011) suggest that improvements in port, and particularly air, infrastructure benefit middle-income countries more than they impact lower income countries.
On the other hand, aiming to research whether LPI has an impact on exports, Iwanow and Kirkpatrick (2009) use a new panel dataset for 124 developed and developing countries, available for the period [2003] [2004] , and analyse it to assess the impact of trade facilitation and other trade-related institutional constraints on manufacturing exports performance, with particular reference to Africa. They found that trade facilitation environment, business regulation quality, and infrastructure availability variables have a positive impact on exports performance and is significant at the 1% level. Table 1 Summary of studies that analyses the LPI on international trade 1985-2000 (1985-1989, 1990-1994, and 1995-2000) . Other studies have used specific indicators to estimate the relationship between logistics performance and trade. Marti et al. (2014a) analysed gravity models and used LPI as a proxy for trade facilitation to analyse trade flows in emerging nations. They used the export data of 150 countries in 2005 and 2008. The importer and exporter LPI display positive and significant coefficients for emerging country exports. Trade flow is most influenced by distance in post-Soviet nations and in South America. Then they analysed the importance of logistics performance in EU exports over the periods 2005 and 2010. Using the two-stage Heckman model for all 26 EU countries, they concluded that logistics was more important for exporting nations than importing nations in both 2005 and 2010. The most influential indicator for European exports is importer GDP, and the second most influential is distance, followed by logistics performance. However, in 2005 and 2010, logistics was more important for exporting countries than importing countries (Marti et al., 2014b) .
In another study, a research scholar considered distance as a factor influencing trade and logistics. Trade growth was biased toward shorter distances. This means that the change in relative trade costs affecting many industries gives rise to an increased distance sensitivity of trade, as opposed to a shift to more distance-sensitive products (Berthelon and Freund, 2008) .
Recent research by Ismail and Mahyideen (2015) focuses on the impact of infrastructure on trade and economic growth in selected economies in Asia. They found that GDPs for exporters and importers are positive and significant, with the estimated coefficient ranging from 0.5 to 0.9 for exporters, and from 0.4 to 0.6 for importers. Additionally, distance exerts a strong negative impact on trade flows, consistent with the theory that the shorter the distance, the lower the transaction costs, and the more trade. The research also demonstrates that improvements in transport infrastructure have resulted in increased trade flows.
Economic growth and international trade
Sener (2001) used a dynamic general equilibrium model of R&D-generated growth. He found that a global reduction in tariffs stimulates innovation and growth. It also raises the relative wage of skilled workers, motivating more individuals to upgrade their skills. Further, trade liberalisation causes the unemployment rate of unskilled labour, but has an ambiguous effect on the economy-wide unemployment rate. Zestos and Tao (2002) used the VEC model to study causal relations between the growth rates of exports, imports, and the GDP of Canada and the USA. They utilised time-series annual data ) with a VEC model. They suggested that Canada is a more open economy than the USA and more trade dependent.
Caruso (2003) used a panel gravity estimate of bilateral trade between the USA and 49 target countries over the period 1960-2000. They find that GDP has a significant impact on trade both in the USA and in the target country. Population of the target country has a negative effect. The trading-pair intercepts subsume distances. On the other hand, Lehmijoki and Palokangas (2009) used a family-optimisation population growth model in which the number of children is a normal good. They found that trade liberalisation generates income, raising population growth in the short run, and decreasing the gender wage gap in the long run. Export; import; GDP 2 Import expansion affects GDP growth through increasing exports. Helpman and Itskhoki (2010) analysed the interaction of labour market rigidities and trade impediments in shaping welfare, trade flows, productivity, and unemployment. In their results, unemployment and trade openness are negatively related, and trade liberalisation has an unemployment-increasing impact in the short-run, which is followed by a reduction in unemployment, leading to a new steady state. Bouoiyour (2013) examined the relationship between trade and economic growth in Morocco over the period 1960-2000 using the vector error correction (VEC) model. Imports and exports Granger-caused GDP, and imports Granger-caused exports in Morocco. Import expansion affects GDP growth thorough increasing exports.
International trade and logistics performance
International trade
In recent years, due to the global economic downturn and prolonged slow trade growth, the world's merchandise trade volume decreased from 2.4% to 1.3%. Most dramatically, exports of merchandise in Asian countries decreased from 5.4% to 1.8% in 2016. Within Asia, China accounted for a major part of the world's exports and investments; the sluggish growth of China's economy led to the slowing growth of exports and global investment. The amount of investment in the emerging market, such as in commodity exporting countries, has also decreased, so that intra-trade volume between hosting countries and investing countries also followed the downward trend. Additionally, North America's export volume decreased,, while Europe's export volume remained stable.
In terms of imports, Asia's volume of imports is decreased dramatically from 4.8% to 2.0%. North America's imports volume fluctuated. South and Central America's and other regions' imports volume has fallen into negative growth around -8.7%.
The logistics performance
The World Bank's LPI consists of six components, which include customs, infrastructure, international shipments, competence, tracking, and timeliness all over the world. The six component concepts are defined in Table 2 .
The World Bank LPI indicators are classified into two main categories:
1 Areas for policy regulation, indicating main inputs to the supply chain in customs, infrastructure, and services.
2 Supply chain performance outcomes corresponding to LPI indicators of time and reliability in terms of timeliness, international shipments, and tracking and tracing. For the comparative research, we divided 43 countries into two groups based on their level of economic development, which resulted in 22 developing countries and 21 developed countries. As shown in Figure 1 , the LPI scores of developed countries are generally higher than those of developing countries throughout the survey period, from 2010, 2012, 2014 to 2016. The countries with high logistics performance scores are the countries that also have high levels of economic development and income. Out of the 21 developed countries, countries such as Germany, Sweden, the Netherlands, and the USA had LPI scores of 4.23, 4.2, 4.19, and 4.07 in 2016. On the other hand, out of the 22 developing countries, South Africa, China, Malaysia had LPI scores of 3. 78, 3.66, and 3.43, respectively, in 2016. However, the trend and speed of improvement of LPI is faster in developing countries than in developed ones. In the most recent decade, the roles of logistics as a source of trade competitiveness promote the economic growth and enhance competitiveness. Reis and Farole (2012) gave two main reasons to explain this result. The first reason is that the transactions costs affected by transport and trade facilitation are more significant than tariffs because of the measure of trade liberalisation. Second, the importance of logistics has been spotlighted due to the emergence of more integrated global networks and shorter product lifecycles. In this way, the cost and quality of the logistics environment frequently play an important part in deciding where to locate production, where to source suppliers, and how to serve consumer markets for firms. As indicated by Figure 2 , the scores of the six LPI components range from 1 to 5; when the value is bigger, the level of logistics performance is higher. In developing countries, timeliness (3.40) and tracking (3.08) is higher than the other indexes, and the score for customs (2.71) is the lowest. In developed countries, timeliness (4.16), tracking (3.99), and infrastructure (3.97) scores are higher than other indexes, while the lowest score of the six indexes is for international shipments (3.66).
Efficient logistics connect firms that have domestic and international markets with reliable supply chain networks. On the other hand, countries with low logistics performances confront high costs due to transportation costs and unreliable supply chains, which is a major handicap in integrating and competing in global value chains. Although supply chains are complex, performance is largely dependent on a country's characteristics; countries need to operate well to ensure the success of their soft and hard infrastructure and institutions, such as imports, regulations, procedures and behaviours.
Empirical methodology
Model
A gravity model, which is an important model for researching the impact of logistics on trade, is adopted by many researchers and used for investigating trade according to economic indicators by some scholars (Caruso, 2003; Hummels, 2001; Korinek and Sourdin, 2011; Marti et al., 2014a; Ismail and Mahyideen, 2015) .
This research uses the gravity model to analyse the determinants of international trade with a comparison analysis of empirical data from 2010, 2012 and 2014. This study will be divided into three sections to compete the analysis.
Model 1 says that the dependent variable is international trade volume, and the independent variables are GDP, unemployment, population, distance, and LPI. Model 2 makes the dependent variable export volume, and the independent variables customs, timeliness, international shipments, tracking, and infrastructure. 
PMENTS SHIPMENTS
Model 3 makes the dependent variable import volume, and the independent variables customs, timeliness, international shipments, tracking, and infrastructure. 
Hypothesis
Many empirical studies have revealed the fact that LPI is statistically significant in relation to trade volume between countries, and in particular, the improvement of circumstance in LPI could lead to an increase in import volume. In favour of the argument from Soloaga et al. (2006) , they argue that promotion of the trade facilitation reform (port efficiency, customs environment, regulatory environment, e-commerce use by business) can improve by 11.2% in import from Mexico. Korinek and Sourdin (2011) also argue that more efficient border administration leads to greater impact on importing countries. Therefore, our paper also hypothesis as follows:
Hypothesis 1 The higher the improvement of the LPI, the more the import volume between countries will increase.
Previous studies have investigated a relationship between LPI and export volume between countries by reducing the time and transportation costs. Many scholars have argued that improving the LPI can help to boost the export volume by reducing indirect costs and enhancing price competitiveness in the world market. Korinek and Sourdin (2011) also emphasise that high quality logistical services improve the competitiveness of a country's exports though reducing the transportation costs. Levchenko (2004) and Djankov et al. (2006) also showed the result that high quality transport infrastructure leads to low transportation costs and provides positive impacts on exports. Therefore, our paper also hypothesises that as follow:
Hypothesis 2 The higher the improvement of the LPI, the more the export volume between countries will increase.
In this paper, we would like to compare the different impacts of LPI on importing volume and exporting volume. Many scholars such as Soloaga et al. (2006) show that the infrastructure of service sector is important for both importers and exporters. Marti et al. (2014a) show that improvements in the components of the LPI can increase countries' importing and exporting volumes. Korinek and Sourdin (2011) explain that the infrastructure has specific impact on imports and exports. Therefore, we make a hypothesis comparing imports and exports:
Hypothesis 3 The higher the improvement of the LPI, the LPI improvement will have more of a positive effect on exports than on imports.
We also want to analyse the different effects of LPI on international trade volume between developed countries and developing countries. We find that some studies have attempted to analyse the LPI impacts on trade in different countries or regions. For example, Korinek and Sourdin (2011) confirm that tariff and nontariff barriers are obstacles to impact international trade in lower income level countries. And Marti et al. (2014b) showed LPI components are very important for the countries in Africa, South America, and Eastern Europe. However, there are few comparative research papers analysing how LPI impacts imports and exports for both developed countries and developing countries. Therefore, we hypothesise that the LPI will have a stronger effect on trade in developing countries than in developed countries.
Hypothesis 4 The higher the improvement of the LPI, the LPI improvement will have more of a positive effect on trade in developed countries than in developing countries.
Data
This study uses the panel data of 43 countries, which consists of 21 developed countries and 22 developing countries for the years 2010, 2012 and 2014.
The dependent variable is international trade. The international trade data set uses import volume and export volume from one country to another country; this data is collected from the UN Comtrade database. Proxy variables of transportation costs include distance as an independent variable, which is calculated based on the distance in kilometres from capital city of exporter to capital city of importer. The distance data comes from Centre d´Etudes Prospectives et d´Informations Internationals (CEPII). The LPI data used for 2010, 2012 and 2014 was published by the World Bank. We also used economic factors from the World Bank Database such as GDP, population and unemployment as independent variables. The descriptive statistics for the variables used in the sample are described in Table 6 ; included are the mean, median, standard deviation, and maximum and minimum values as follows: 
Result
The model 1 empirical result is that the GDP variable is significant for trade in all countries. This means that a 1% increase in GDP will increase import volume rate by 0.69% and enhance the export volume by 0.73%. It shows that a country's economic condition has a great impact on trade volume. When we compare the results of developing countries and developed countries, we see that GDP has a more powerful effect on trade volume in developing countries than in developed ones. The population variable also has significant and positive coefficients in the all countries. In particular, population is more significant with import in developing countries than in developed countries and has a more influential effect on export in developing countries (b = 8.577, t = 3.843) than in developed countries (b = 0.655, t = 9.516). The unemployment rate is significant in all countries, presenting a negative sign. Particularly, unemployment has more of a negative sign with export in developing countries than in developed countries.
The distance variable has a significantly negative effect on international trade volume in all countries. To compare the results of developing countries and developed countries, the greater the distance, the lower the import in developing countries than in developed countries.
Table 7
Economic factor impact on import volume Notes: *Denote test statistic significance at the 10% level, **at the 5%, ***at the 1%. Notes: *Denote test statistic significance at the 10% level, **at the 5%, ***at the 1%.
Model 2 analysed how the LPI impacts export volume. The LPI variable as a proxy of logistics displays significant and positive coefficients in both developing and developed countries. It shows that a 1% improvement of LPI increased the export volume rate by 4.37% in 2014. One of the interesting results of this model is that the LPI variable has a stronger positive effect on export volume in developed countries than in developing countries. (Developed countries export coefficient b = 9.671, developing countries export coefficient b = 8.701, 2014). However, the speed of increasing export volume in developed countries is slower than that in developing countries. Therefore, we can presume that LPI improvement brings about a more powerful effect on developing countries' export volume. Model 3 analysed how the LPI impacts import volume. The LPI has a significant effect on the importing volume in both developing and developed countries. It shows that a 1% improvement of LPI increased the import volume rate by 3.30% in 2014. Similar to the export volume, LPI has a stronger positive effect on import volume in developed countries than in developing countries. (Developed countries import coefficient b = 8.232, developing countries import coefficient b = 3.346, 2014). However, the marginal increasing volume of imports is decreasing faster in developed countries than it is in developing countries. Therefore, we can also presume that LPI improvement brings about a more powerful effect on developing countries' import volume.
To compare the difference between developed and developing countries in terms of the export and import aspect, for developing countries, the LPI effect on export volume is approximately 2.5 times greater than the import volume brought about by improvement of LPI (export b = 8.707, import b = 3.346, 2014). For developed countries, the LPI improvement effect on export volume is slightly higher than the effect on import volume (export b = 9.671, import b = 8.232, 2014).
To show the detailed effects of the LPI's six components on international trade volume, we divide the results into two parts: exports and imports. When considering the effect of export volume, we find that customs, timeliness, international shipments, tracking, and infrastructure have a statistically significant relationship with the level of export volume. Customs and infrastructure has a more powerful influence on export volume in developing countries than in developed countries. However, timeliness, international shipment, tracking has the reverse result.
The customs variable is significant and presents a positive impact on international trade in all countries. Customs has more impact on exports than imports. Exports increased 6.4% from a 1% improvement of customs in 2010. Once the customs rate increases 1%, exports increase by 4.7% by 2014. Meanwhile, imports will increase 5% when the growth rate of customs increases 1% from the start of 2010. Once the customs rate increases 1%, imports will increase about 2.9% by 2014. Interestingly, the impact of customs on imports and exports is gradually increasing in developing countries more than it is in developed countries. It means simplifying customs procedures and shortening the processing time is necessary for developing countries to do.
Timeliness is also significant and presents positive coefficients on imports and exports in all countries only in 2012 (export b = 7.023, t = 5.930, import b = 6.462, t = 5.430). Timeliness has a positive impact in relation to imports (b = 8.577, t = 3.843) and exports (b = 6.468, t = 2.947) in developing countries than in developed countries. Tracking has a positive effect on trade in all countries (export b = 7.866, t = 19.738, import b = 6.464, t = 16.964, 2014) . In comparing the results of developing countries and developed countries, the result presents stronger positive coefficients on trade in developed countries than it does in developing countries.
International shipment has a positive impact on exports from 2012 to 2014, and on imports in 2010 and 2014. As international shipments increase 1%, the exports will increase about 5.9% in all countries. In comparing the results of developing countries and developed countries, international shipments has a more positive effect on exports and imports in developing countries than it does in developed countries.
Infrastructure is significant in all countries and has more of an effect on imports than on exports. This trend continued to increase from 2010. By 2014, when infrastructure increases 1%, imports will increase about 10.5%. In comparing the results of developing countries and developed countries, the results indicate that infrastructure is presenting a stronger effect on imports and exports in developed countries than in developing countries. Infrastructure is the most obvious factor affecting trade of all the six factors. This suggests that the insufficiency of roads, railways, harbours and other aspects of infrastructure still restrict the logistics development of developing countries, which is an important factor impacting imports and exports.
Competence is significant and presents more correlation with exports (b = 8.071, t = 4.626) than imports (b = 6.185, t = 3.696) in all countries in 2014. Imports will increase around 6.2%, when competence increases 1%. Additionally, exports will increase around 8.1% when competence increases 1%. In comparing the results of developing countries and developed countries, the results indicate that competence presents more of an effect on imports and exports in developing countries than it does in developed countries.
Conclusions
The quality of logistics plays a major role in determining international competitive advantage in the world market in terms of transportation costs. Recently, there have been many papers dealing with logistics issues that found that inefficient logistics systems could impede trade volume by imposing extra time consumption on the exporter and importer. This paper sets up three empirical models to analyse and compare the LPI on export and import volume by using the panel data set of 43 target countries. This paper's results confirm that improvement of LPI is strongly associated with an increase in trade volume. LPI has a stronger positive effect on export volume in developed countries than in developing countries. But the strength of the increasing export volume in developed countries is slower than that in developing countries. When it comes to import volume, the LPI has a significant effect on importing volume in both developing and developed countries. However, the LPI has a stronger positive effect on the import volume in developed countries than in developing countries. In terms of imports, the marginal increasing volume of imports is decreasing faster in developed countries than it is in developing countries.
In comparing the differences between developed and developing countries in terms of exports and imports, we found that for developing countries, the LPI effect on export volume is approximately 2.5 times greater than the import volume brought about by an improvement of LPI. For developed countries, the LPI improvement effect on export volume is slightly higher than the import volume. Therefore, we can also presume that an improvement in LPI brings about a more powerful effect in developing countries in terms of export and import volumes. To put this information to practical use, developing countries can begin by enhancing the efficiency of customs and tracking to increase trade by improving processes within a short amount of time. Secondly, it is necessary that they improve their infrastructure, even though it is a burden for developing countries to improve infrastructure due to the large amount of capital, manpower and material resources required to do so. The quality of the LPI could impact not only exports, but also imports, in both developing and developed countries.
To improve their international trade volume as a whole, developing countries would be making an effort to improve their logistical performance to increase trade relations. It is worth highlighting that developing countries would be best served by making it a priority to improve the procedural sector of logistics, such as advancements in the customs clearing processes and tracking systems, because those sectors require huge budget expenditures. In order for developing infrastructure needs a lot of budgets in developing countries. It is also very long-term goal for developing countries to build infrastructure, there will be many budget needs. This is a very long-term goal for these countries. However, in the long run, they must gradually make a great effort to improve their logistical infrastructure such as port facilities, international shipments, and e-trade systems.
